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ESTIMATING ANCESTRY IN SOUTH AFRICA: A COMPARISON OF 
GEOMETRIC MORPHOMETRICS AND TRADITIONAL CRANIOMETRICS 
REBECCA ELIZABETH KING 
ABSTRACT 
 In ancestry estimation of South African individuals, non-metric 
morphological trait assessment has not proven useful and previous results in 
FORDISC 3.0 leave room for improvement. The accuracy rates of software 
programs FORDISC 3.1 and 3D-ID were compared for ancestry estimation 
based on cranial data of black and white South Africans using discriminant 
function analysis. Cranial landmarks were digitized using a Microscribe G2 for 
geometric morphometric analysis in 3D-ID, and traditional craniometric 
measurements for use in FORDISC were calculated using the data collection 
software 3Skull. Data was collected from a total of 385 individuals (186 black and 
199 white crania) from the Pretoria Bone Collection. Overall accuracy rates of 
75.6% using FORDISC 3.1 and 63.1% using 3D-ID were obtained for black and 
white South Africans. Incorrect estimates were more often due to 
misclassifications of sex rather than ancestry, reflecting the decreased amount of 
sexual dimorphism in South African populations when compared against 
American populations, discussed previously. Black South Africans were more 
often classified correctly in FORDISC 3.1, and white South Africans were more 
often classified correctly in 3D-ID. Low sample size in comparative databases 
and broad ancestral differences between South Africans and the proxy 
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populations used (American, European, and African) likely explain the low 
accuracy rates. The use of FORDISC and 3D-ID in conjunction can help South 
African anthropologists in estimating ancestry and ensuring correct 
classifications. 
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CHAPTER 1: INTRODUCTION 	  
 In forensic anthropology, it is well-known that ancestry is a critical part of 
the biological profile. In the United States, forensic anthropologists employ 
computer programs to assist in the estimation of ancestry of an unknown skull, 
including 3D-ID and FORDISC. FORDISC analyzes standard linear 
measurements of the cranium, while 3D-ID utilizes geometric morphometric 
methods by digitally recording cranial landmarks with a Microscribe. Both 
programs estimate ancestry by comparing input data of an unknown individual 
with an existing database of known individuals representing several ancestral 
groups. Discriminant function analyses are employed to find individuals in the 
comparative database that are most similar to the input data and classify the 
unknown individual into the most likely ancestry group while displaying varied 
probabilities of correctness. 
Though both software programs were developed in the United States and 
are traditionally used on American forensic cases, there is an increasing need for 
broader applications of anthropological methods as international forensic cases 
involving skeletal remains become more recognized, including those in South 
Africa. FORDISC is more popular and more widely used in the field due to its 
large comparative database and use of linear measurements that are traditionally 
taken during skeletal analysis. 3D-ID is a relatively new program and its 
database is smaller, but the use of geometric morphometrics creates a useful 
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alternative to the one-dimensional measurement methods used in FORDISC that 
are unable to account for curves and between-point differences.  
Previous studies have used geometric morphometric analysis of single 
traits to accurately estimate ancestry, and an expansion to the entire cranium is 
expected to be even more accurate (McDowell et al., 2012). Both programs 
employ cluster and discriminant function analysis to classify unknown individuals 
into groups defined by comparative databases (Ousley and Jantz, 2012; Slice 
and Ross, 2009). By mapping 34 cranial landmarks as Cartesian coordinates on 
a three-dimensional grid using points on X, Y, and Z axes, 3D-ID can compare 
shape differences without considering the sexually dimorphic influences of size 
variation (McKeown and Schmidt, 2013; Slice and Ross, 2009). 
Because of this geometric morphometric method, 3D-ID has the potential 
to generate more accurate estimates of ancestry than FORDISC, but its 
comparatively small database may limit its potential. With relevance to the 
current study, 3D-ID has an especially small number of African individuals in its 
comparative database, therefore containing a smaller amount of variation in 
necessary populations that could increase the likelihood of misclassifications in 
the black population. To supplement the African populations in the database and 
to make the studied South African population results comparable to FORDISC, 
which does not contain African or European groups, 3D-ID classifications of 
African American and European American will be discussed.  
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 The lack of specific ancestry reference populations highlights one of the 
central debates in the field of anthropology today. Estimating ancestry from 
skeletal remains is difficult, and the history of anthropology does not accord an 
adequate amount of cultural sensitivity to the topic of race as a whole. In 
reflecting on our past mistakes and still yearning to answer medicolegal 
questions, modern anthropologists have emphasized the important distinction 
between the sociocultural influence of the term ‘race’ and distinguished this from 
the biologically and genetically estimated ‘ancestry’ (Albanese and Saunders, 
2006; Relethford, 2009; Sauer, 1992). Ancestry is based in geographic 
populations of origin rather than the socioculturally determined race, which is 
categorized mostly by skin color. However, the medicolegal context of forensic 
anthropology requires the development of a biological profile for unknown 
individuals, including an estimate of ancestry that is understandable to those 
outside of our field who are only familiar with sociocultural race terms (Sauer, 
1992). 
These ancestral populations roughly align with the non-scientific race 
categories provided by law enforcement such as 'white' for European-derived 
populations and 'black' for African-derived populations, adequately checking a 
box that to the non-scientific world essentially boils down to skin color. In the 
study of these significant phenotypic traits, scientists do not associate ancestries 
with skin color at all, and instead see groups of skeletal morphologies as 
indicative of the population inhabiting a certain area of the world. For example, a 
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certain combination of traits such as a broad nasal aperture and wide interorbital 
breadth is more common in peoples that originate from the continent of Africa, 
and can be seen in populations that stem from this area, including African 
Americans and black South Africans (Hefner, 2009; Hefner and Ousley, 2014; 
L’Abbe et al., 2011). The opposing traits of a narrow nasal aperture and 
interorbital breadth are more indicative of a population whose ancestors adapted 
to the environments of Europe, such as European Americans and white South 
Africans, both groups descending from European colonists (Hefner, 2009; Hefner 
and Ousley, 2014; L’Abbe et al., 2011). 
When the police request an anthropological assessment, they are seeking 
a profile they can use that is similar to those they would release for a missing 
person, for example: “35-year-old White Male, 5’10””, that would, in the U.S., 
correlate with a census form in which self-identified race is required. Until 
sociocultural race ceases to be requested in a medicolegal context in both the 
U.S. and South Africa, anthropologists must have adequate and comprehensible 
ways of replying to that request. The best approach we have currently involves 
analysis of the phenotypes that are said to be unique to certain geographical 
ancestries (DiGangi and Hefner, 2013). There is a practical utility in forensic 
anthropology of broad ancestral categories in identifying unknown individuals and 
it is therefore beneficial to continue studying ancestry estimation for victim 
identification in a variety of geographical settings. In the context of the current 
study, the sociocultural terms black South Africans and white South Africans are 
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used to refer to the ancestrally indigenous and colonial populations of the 
country, respectively, when analyzing the ancestry estimations of unknown 
crania in South Africa. Though these classifications are catch-all terms, 
representing communities of mixed populations including the Ndebele, Xhosa, 
Zulu, Swazi, Tswana, Basotho, and Venda to name a few in ‘black South 
Africans’ and Afrikaners and the descendants of English settlers in ‘white South 
Africans’, they are the most broadly useful in a non-scientific context. 
 The current study will analyze a random sample of the South African 
population in an attempt to estimate ancestry from the cranium and distinguish 
between those classified as black South Africans and white South Africans. 
Previous genetic analyses have been able to distinguish relatively easily between 
Africans and those with non-African origins and, as phenotypic variation tends to 
mirror genetic variation, it is expected that cranial morphology and craniometrics 
will be similarly useful in assigning these designations (Halder et al., 2008; 
Manica et al., 2007). Methods for the development of a biological profile in South 
Africa including ancestry estimation from the cranium are still being developed, 
and an accurate tool such as the proposed 3D-ID or FORDISC could greatly 
assist anthropologists in the area (L’Abbé and Steyn, 2012). Non-metric 
morphological trait assessment for ancestry estimation has been attempted in the 
South African population but has not been highly accurate, indicating the need 
for a metric or geometric morphometric program to be applied to these 
populations (L’Abbé et al., 2011). L’Abbé and colleagues (2013) have created a 
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custom comparative database in FORDISC 3.0 that has been relatively accurate 
in distinguishing between black and white South Africans, but accuracy rates 
linger below 75%, which is recommended for widespread use, suggesting the 
need for an alternate method for estimating ancestry in South Africa. 
 An assortment of known black males, black females, white males, and 
white females of the South African population from the Pretoria Bone Collection 
will be analyzed using 3D-ID and FORDISC 3.1 and accuracy rates of both 
programs in estimating ancestry will be determined. These rates will be 
compared to the accuracy rates obtained by L’Abbe and colleagues (2013) for 
the same population in the Forensic Anthropology Data Bank (FDB) of FORDISC 
3.0 to explore agreement between the subsequent versions of FORDISC, and 
accuracy rates from the custom South African FORDISC database (SADB) will 
be compared to the current study’s results from 3D-ID and the FDB. 
 Based on previous studies showing that shape variation studied by 
geometric morphometrics is more effective in ancestry estimation than linear 
measurements, it is hypothesized that if the same population of black and white 
South Africans are compared in the geometric morphometric ancestry estimation 
software of 3D-ID and the traditional craniometric ancestry estimation software of 
FORDISC, then 3D-ID will have higher accuracy rates than FORDISC. Because 
there is a lower representation of African samples than European samples in the 
comparative database of 3D-ID, these results may have lower accuracies than 
expected. The goal of the current study is to determine if ancestry estimation 
	  7 
software using discriminant function analysis is effective in distinguishing 
between South African black and white individuals, if there is a bias towards one 
ancestry group being more readily identified by the software, and to compare the 
accuracy rates of 3D-ID and FORDISC in an international population. 
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CHAPTER 2: PREVIOUS RESEARCH 	  
The use of craniometrics and cranial morphology to estimate ancestry has 
a long and sordid history in anthropology. When scientists first began studying 
human variation in the 19th century, they assumed biological distinctions would 
align with the sociocultural distinctions between people groups that were so 
distinct at that time. However, most sociocultural distinctions are based on skin 
color, which exists in a broad spectrum between cultural races and within those 
races and is therefore not reliable as a biological indicator of differences between 
populations (Ousley et al., 2009; Relethford, 2009). 
That being said, skin color can impact population biology through its 
cultural influence. When strong cultural biases between peoples of differing skin 
colors exist, individuals keeping with the social norm are not likely to choose a 
mate with a different skin tone. Pairing decisions like this could lead to a 
genetically distinct population through positive assortative mating, or individuals 
reproducing with those who appear similar to themselves. Clear population 
differences are exemplified in this way when groups are segregated, such as 
black and white South Africans during Apartheid. There are also health 
differences between social races (Gravlee, 2009), though it is difficult to divorce 
biological from environmental factors when explaining the prevalence of heart 
disease or another such health disorder in a population that has historically been 
marginalized due to the social implications of their cultural race. Increased health 
risks and lack of resources due to institutionalized racial prejudices such as the 
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Apartheid can eliminate outside genetic influences on segregated populations, 
making them less diverse and more distinct from other groups. These genetic 
and biological influences can produce population differences in skeletal material 
that may seem to mirror those expected in racial categorization, but forensic 
anthropologists must focus on all aspects of human variation rather than 
attempting to find varying aspects that follow the concept of sociocultural races 
(Edgar and Hunley, 2009; Gravlee, 2009). 
Positive assortative mating is just one way genetic variation is affected by 
the circumstances surrounding a group of people. Mutation, natural selection, 
genetic drift, and gene flow all contribute to the wide variety of population groups 
by allowing the humans in these groups to adapt to their home environments 
(Noback et al., 2011; Relethford, 2010). Because of these adaptive factors, each 
geographically distinct population is biologically distinct from all other groups. To 
distinguish between skin colors is the tip of a biological iceberg, and the 
distinctions that can be made between people groups are essentially limitless—
this is why the cultural race concept has no scientific meaning. However, 
populations with geographically close homelands tend to be more alike in 
predictably heritable ways than those from very far away, allowing 
anthropologists to somewhat arbitrarily discern broad population categories from 
geographic areas, including Europe and Africa (Jorde and Wooding, 2004; 
Ousley et al., 2009). 
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Visual similarities in skin tone between African Americans and white 
Americans and black and white South Africans may cause some to assume 
American ancestry estimation methods could be easily applied in South Africa. 
However, cranial morphology, especially between black South Africans and 
African Americans, is markedly different and representatives of the two 
populations are often classified into different categories (Iscan and Steyn, 1999). 
Some of the morphological differences between African Americans and black 
South Africans have been described, including less sexual dimorphism of overall 
dimensions and more sexual dimorphism in palate size of black South Africans 
(L’Abbé et al., 2013). These population differences could be attributed to a 
plethora of genetic and environmental influences, including the historically high 
amount of intermixing between African Americans and other ancestry groups in 
North America, but are most likely to trace back to separate parent populations of 
the two groups (L’Abbé et al., 2013). Most African Americans originate from West 
African populations that were taken to the Americas as slaves during the African 
Diaspora, and are therefore genetically and geographically distant from the South 
African populations. 
This is where the word ‘African’ in the context of ancestry becomes 
problematic, as it assumes homogeneity between all population groups living or 
originating in the continent of Africa. Though most modern researchers recognize 
a distinction between Northern Africa and Sub-Saharan Africa, the assumption 
remains within the latter group. In reality, Sub-Saharan Africa is the most 
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genetically diverse region in the world (Mielke et al., 2011). With this immense 
amount of diversity, we have hopes that one day it will be possible for 
anthropologists to reach beyond the homogenous label of ‘African’ and begin to 
identify specific population groups in different regions such as the southern Zulu, 
western Luo, or central Tutsi.  
New environmental factors and health challenges confront an individual 
when they relocate and can change the way genes express themselves 
(Henneberg and Van den Berg, 1990). These changes, coupled with the effects 
of gene flow and genetic drift, can be expounded through several generations, 
creating a population that is genetically distinct from the peoples remaining in a 
groups’ original homeland. The peoples in the original area are referred to as the 
‘parent population’, and are genetically distinct from the population formed by the 
migratory group. An easily understandable example of this phenomenon is 
European colonization of South Africa—Europeans are the parent population, 
while white South Africans are the genetically distinct population formed through 
migration. Many predictably heritable traits of the head and face are thought to 
be genetic adaptations to specific environments and can therefore be tracked 
through certain geographic populations that originate in areas influenced by 
particular environmental factors. Scientists have determined several of these 
traits that can be analyzed through measurements and observations of the 
cranium in order to estimate the geographic population origin, or ancestry, of an 
unknown individual. 
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In areas where there are several people groups with differing parent 
populations, scientists can compare genetically heritable traits between peoples 
and use their differences to group individuals according to their ancestries. 
Though there is often intermixing between population groups, cultural, ecological, 
geographic, and language barriers continue to influence biological and genetic 
variation to uphold the distinct and predictable population patterns used by 
scientists to make distinctions between peoples (Edgar and Hunley, 2009). 
These distinctions can be very broadly applied to sociocultural race groups in 
many cases, allowing law enforcement officials to better survey for missing 
persons that could possibly provide an identification match to a set of unknown 
remains. In South Africa, population groups have remained distinct because of 
institutionalized segregation that disallowed intermixing between those of 
European and indigenous African descent, which could assist anthropologists in 
distinguishing between the two in order to estimate ancestry in the area.  
 
The History of Ancestry in South Africa 
 South Africa has been a hotbed of racial turmoil since the European 
colonists landed at modern-day Cape Town. For an excellent complete colonial 
and political history of South Africa, see Thompson's tome, now in its fourth 
edition (2014). The histories expanded upon by Thompson (2014) will be 
discussed here as they relate to the genetic intermixing and lack thereof in the 
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development of modern sociocultural race groups discussed in the current study: 
black and white South Africans. 
 Before European colonization, the land that makes up modern-day South 
Africa was split into areas controlled by several native tribes. Some of these 
original indigenous tribes, mostly Bantu-speaking groups, have lasted through 
the upheaval brought about by the Europeans and are still active in the area 
today, maintaining their status as the culturally and linguistically distinct groups 
that combine to create the ‘black South Africans’. It is believed that Bantu-
speaking groups migrated from West Africa approximately 5,000 years ago and 
have diversified, forming independent tribes including the Southern Sotho, Swazi, 
Tswana, Xhosa, and Zulu (Franklin et al., 2007). The Khoisan were pastoral 
peoples, consisting of the Khoikhoi and San tribes, and are said to have resided 
in South Africa before the arrival of the Bantu-speaking populations (Franklin et 
al., 2007). After some degree of reproductive admixture (greater in the southern 
regions than the north) with other indigenous groups and European colonists, the 
Khoikhoi were almost totally wiped out and the San exist in small numbers in the 
Kalahari Desert today (Franklin et al., 2007). 
Two waves of primary European colonization, the Dutch and the British, 
have resulted in large populations of European descent, including the Afrikaners 
and the English-speaking British descendants, which form the ‘white South 
Africans’. The cultural groups in South Africa have intermixed some but have 
stayed relatively distinct throughout the years due to a high level of racial tension 
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and legally mandated segregation. When individuals of the black and white 
populations in South Africa intermix, the resulting children fit into neither ethnic 
group and are deemed ‘coloured South Africans’. In the modern era the term 
‘coloured’, making up 9% of the South African population, has broadened to 
include any South African individual of mixed ancestral heritage and includes 
many autonomous ethnic groups such as the Cape Coloured peoples, who are a 
genetic mix of native pastoral Khoisan and Bantu-speaking Africans, European 
colonists, and Asian peoples imported by the British as laborers (Thompson, 
2014). The coloured population therefore has a large amount of biological 
differences within and between communities that could affect skeletal ancestry 
estimation and is not discussed in the current study.  
 Indigenous South African groups consisted of both hunter-gatherer and 
pastoralist tribes in the west and north and farming chiefdoms in the south prior 
to European colonization. Because the Khoisan hunter-gatherers had more direct 
and negative contact with the Europeans, they were largely killed or driven out of 
South Africa before the modern era, though not before contributing to the genetic 
makeup of all cultural groups present today through a substantial amount of 
intermixing with other cultural groups (Thompson, 2014). The Bantu-speaking 
farming communities were larger and their sedentary lifestyle left them more 
equipped to resist European takeover, likely contributing to their continued 
existence in South Africa (Thompson, 2014). Though these groups were 
culturally and geographically distinct, intermixing occurred drawing them closer 
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biologically, and many of the tribes and chiefdoms accepted outsiders without 
racial persecution (Thompson, 2014). 
 In the sixteenth century, European nations collected indigenous Africans 
and shipped them to other territories as part of the African Diaspora. The 
Portuguese took some native South Africans in this endeavor, effectively 
spreading the genes of the indigenous tribes to far-flung places across the world 
(Thompson, 2014). It is not out of the realm of possibility for some of these 
individuals to contribute to the genetic melting pot that is modern-day America, 
lending more credence to the use of American populations as comparative 
equals in the current study. As an extension of their trading company, the Dutch 
formed the Cape Colony by settling in South Africa’s Cape of Good Hope, which 
became a rich colonial society in 1652 incorporating Dutch merchants and their 
imported slaves as well as the indigenous residents of the area (Thompson, 
2014). In the following years, more and more Dutch settlers flooded the region 
and started to spread out across the landscape as they turned native pastoralist 
land into farming communities (Thompson, 2014). Some indigenous South 
Africans were taken as slaves by the colonists, creating a definitive racial 
hierarchy, and even the ‘free blacks’ began to be politically controlled by the 
settlers in the 1760s (Thompson, 2014). Though colonial law discriminated 
against native Africans, a good amount of intermixing occurred between the 
white settlers and black slaves, resulting in modern Afrikaners with almost 7% of 
their genes originating from Africa (Thompson, 2014). 
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In 1795, the British took over the Cape Colony from the Dutch and began 
to send people from across the United Kingdom to settle in South Africa 
(Thompson, 2014). By this time, the descendants of the Dutch colonists were 
identifying as culturally autonomous Afrikaners and did not attempt to assimilate 
with their new British neighbors (Thompson, 2014). The newly politically 
dominant British abolished slavery, displeasing the Afrikaners, who fought 
against British rule through a variety of rebellions at the same time that 
indigenous Africans were waging wars to keep their ancestral lands (Thompson, 
2014). This cultural and political turmoil evolved into new conflicts and lasted for 
decades, increasing racial discrimination on all sides. 
The political climax of racial discrimination in South Africa occurred with 
the onset of Apartheid, a series of laws imposing institutionalized segregation 
and strict limits on the actions of black South Africans (Thompson, 2014). 
Implemented by the National political party in 1948, Apartheid laws were not 
officially abolished until 1994 (L’Abbe et al., 2013; Thompson, 2014). Any 
interactions between white and black South Africans during the era of Apartheid 
that was not strictly related to business was outlawed. This of course significantly 
contributed to the biological segregation between black and white South Africans 
by reducing intermarriages and decreasing the social acceptability of genetic 
intermixing into the present day. 
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Traditional Craniometrics and the Use of FORDISC 
Anthropologists have long been using measurements of the cranium, or 
craniometrics, to estimate ancestry through analysis of the variation in 
phenotypic traits (Howells, 1973; Martin, 1957; McKeown and Schmidt, 2013; 
Moore-Jansen et al., 1994; Ousley and Jantz, 2012; Ousley and McKeown, 
2001; Slice and Ross, 2009; Spradley, 2014; Stojanowski and Schillaci, 2006; 
Weisensee and Jantz, 2011). Craniometric measurements are standardized 
through previously defined endpoints at specific locations on the cranium called 
cranial landmarks that occur in relatively the same place on each individual. 
There are three types of cranial landmarks, defined differently: Type I landmarks 
occur where distinct structures meet, such as the junction of suture lines; Type II 
landmarks lie at the points of maximum curvature, such as the corner of a point 
between two processes; Type III landmarks are defined by the location of 
another landmark, such as those used to measure the widest or narrowest parts 
of the cranium. Because Type III landmarks are not biologically defined, these 
can vary by quite a bit between individuals and are the most likely to be 
misidentified by observers (Ross and Williams, 2008). Collection of craniometric 
data has been performed for many years in an anthropological context, most 
notably pioneered by Samuel Morten (1839) and standardized by Martin (1957) 
and Howells (1973; 1989; 1995), who studied a great variety of ancestry groups 
including some indigenous South Africans (Howells, 1973). 
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Measurements are traditionally taken using calipers, but can also be 
calculated when landmarks are digitally mapped by a Microscribe, which 
transmits landmark locations to computer programs such as 3Skull (Ousley, 
2014) that translate the Cartesian coordinates into linear craniometric distances. 
Scientists can explore patterns of variation between individuals by measuring the 
distance between two cranial landmarks and applying statistical methods to test 
the differences between the lengths of these measurements.	  The linear 
measurements of traditional craniometrics reflect both the size and shape of the 
cranium. However, size differences between individuals are mostly due to sexual 
dimorphism, requiring any analysis of linear data to be size corrected before both 
males and females can be included in analysis (Kimmerle et al., 2008; McKeown 
and Schmidt, 2013; Ross et al., 2011).  
Prior to recent technological innovations, analysis of craniometric data 
was difficult due to the vast amount of statistical calculations that had to be done 
by hand. Giles and Elliot (1962, 1963) developed a quick method of using linear 
discriminant functions and basic discriminant coefficients to test hypotheses 
regarding craniometrics, which was widely used for many years until the 
development of computers that could provide much easier mathematical 
processing (Jantz and Ousley, 2012). The most popular application of 
craniometrics to answer questions of sex and ancestry today is the computer 
software program FORDISC, developed in 1990 and based upon the FDB, a 
database of twentieth and twenty-first century individuals of known sex and 
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ancestry that can be used as a comparison to modern unknowns (Jantz and 
Moore-Jansen, 1988; Jantz and Ousley, 2012). 
FORDISC, developed by Richard Jantz and Steven Ousley and now in 
version 3.1 (Jantz and Ousley, 2005), takes input craniometric data and uses 
linear discriminant function analysis to classify the unknown individual into a 
population that is represented in a database of known reference samples, and 
then displays a series of statistical results to help the user see how well the 
unknown fits into the chosen group. The program can be used to estimate sex 
and calculate stature from cranial and postcranial elements, but the main focus 
here is on its estimation of ancestry using craniometrics. When the measurement 
data of an unknown individual is entered into FORDISC, the user has the option 
of choosing which sex and populations in the FDB to compare the sample 
against, allowing for a more narrow statistical range through the selection of few 
possible population results. For example, if the discovery context determined 
there were no Hispanic missing persons in the area, Hispanic populations could 
be eliminated from analysis. Likewise, if non-metric morphological assessment 
ensured the individual was not male, all the corresponding FDB male populations 
could be removed from comparisons.  
 Classifications are made by the calculation of squared Mahalanobis 
distances, which normally correlates with the calculated posterior probability so 
that the chosen group will have the lowest distance from that population’s mean 
and the highest probability of belonging in that group between all populations 
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analyzed (Jantz and Ousley, 2012). Calculated F, Chi, and R typicalities 
determine whether the unknown could belong to one of the comparison groups 
by testing whether the input data fits into the range of comparative data; in order 
to ensure a correct assessment, all typicalities need to be above 0.05 (Jantz and 
Ousley, 2012).  
FORDISC 3.0 has been applied to the South African population, with 
mixed results. L’Abbé and colleagues (2013) analyzed linear cranial 
measurements of 187 black and white South African undamaged crania, both 
male and female, using the FDB and again using the custom-made SADB for 
South African populations. The FDB produced more overall accuracy, but higher 
accuracies for the black South African population was exhibited by the custom 
database. 73% of the sample was classified correctly in the FDB and 71% in the 
SADB (L’Abbé et al., 2013). However, accuracy rates for black South Africans 
were significantly higher in the SADB, increasing to 71% from 67% in the FDB 
(L’Abbé et al., 2013). These accuracy rates are acceptable but fall short of the 
recommended 75% for use in forensic contexts. An increase in the number of 
African and South African individuals included in the FDB would surely increase 
accuracy rates for the use of FORDISC in international contexts. The majority of 
misclassifications in this study occurred between sexes of the same ancestry 
group, which could be due to less sexual dimorphism in both groups and the 
effects of health disparities between the two ancestry groups in South Africa (Kon 
and Lackan, 2008; L’Abbe et al., 2013). If sex was known before FORDISC 
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analysis or the sex estimate made by the program was disregarded, the amount 
of misclassifications would likely decrease. 
 
Geometric Morphometrics 
When speaking with anthropologists, many warn against implicit trust in 
craniometric analysis, preferring to combine FORDISC results with an analysis of 
non-metric morphological traits to make a more certain estimate of ancestry. This 
is highly understandable, as the two-dimensional analysis of traditional 
craniometrics has no way to satisfactorily observe shape factors that have been 
studied as ancestry indicators, such as the flare of the nasal aperture and the 
slope of a retreating zygomatic (Hefner, 2009). When FORDISC classifies a 
cranium, it operates solely on the varying lengths of a series of straight lines. 
When an anthropologist estimates ancestry, he or she examines the shapes of 
certain morphological features and their relation to each other. However, it is 
difficult to apply statistical analysis to non-metric assessments. In forensic 
anthropology especially, statistical analysis is becoming necessary to comply 
with Daubert standards and make our science more understandable in the 
courtroom. Though efforts are being made to do just that (Hefner and Ousley, 
2014; Hefner et al., 2014), it would be beneficial to be able to apply the statistical 
reliability of craniometrics to shape differences that lie between cranial 
landmarks. 
	  22 
Geometric morphometrics strives to do just that. Developed in the 1980s 
and 1990s, this analysis allows scientists to virtually view shape variation by 
creating a three-dimensional map of a cranium on a coordinate grid system 
(Adams et al., 2002). By mapping cranial landmarks in this way, we can analyze 
shape variation between individuals, study a greater amount of variation, and, 
through mathematical software, disregard the influences of size differences that 
are commonly attributed to sexual dimorphism when doing so (McKeown and 
Schmidt, 2013). Whereas craniometrics can only depict variation in the lengths of 
measurements, through geometric morphometrics we can see how the length 
differs, which landmark is affecting change more, and the angle of the 
measurement line by studying the coordinates of the landmarks themselves 
instead of the line between them (McKeown and Schmidt, 2013; Slice and Ross, 
2009). In some ways, geometric morphometrics is the next generation of 
craniometrics—a newer and more technologically advanced method that can be 
used to answer the same types of questions in a more detailed way. 
Geometric morphometric methods are being used to study the human 
skeleton in a variety of ways, from sexual dimorphism (Bilfeld et al., 2012; 
Gonzalez et al., 2011; Kimmerle et al., 2008) to sexual orientation (Valentova et 
al., 2014), with cranial (Slice and Ross, 2009), dental (Kenyhercz et al., 2014), 
and postcranial elements (Bytheway and Ross, 2010; Frelat et al., 2012; Vance 
and Steyn, 2013), and in populations of varying ancestries (Noback et al., 2011; 
Ross et al.,1999; Sholts et al., 2011; Smith, 2009), just to name a few. In South 
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Africa, geometric morphometrics has been applied to questions of sex estimation 
(Franklin et al., 2005; Franklin et al., 2008; Oettlé et al., 2005; Pretorius et al., 
2006; Steyn et al., 2004) and population variation (Franklin et al., 2007). 
Of relevance to the current study is Franklin and colleagues’ (2007) 
analysis of indigenous South African crania. This study examined cranial 
variation in twelve modern indigenous groups in South Africa, both Bantu-
speaking and Khoisan, in an attempt to reveal variation between and within these 
two broad groups (Franklin et al., 2007). Ninety-six cranial landmarks on 298 
male crania were studied using the Morphologika software and Generalized 
Procrustes Analysis (GPA) and discriminant function statistical approaches 
(Franklin et al., 2007). Though Bantu-speaking and Khoisan individuals are 
morphologically distinguishable, some variation lies within these groups, 
suggesting admixture between the two (Franklin et al., 2007). The Bantu are 
generally more dolichocephalic, with higher forehead contour, higher anterior 
projection, more prominent noses and taller faces, while the Khoisan have 
smaller and less projecting mastoid processes (Franklin et al., 2007). When 
estimating ancestry according to these traits, the Khoisan are almost 
unanimously distinguished correctly, while accuracy rates for the Bantu range 
from below 50% for the Xhosa to almost 90% for the Swazi (Franklin et al., 
2007). Comparisons of the populations reveals that the southern-dwelling Xhosa 
are the most similar Bantu peoples to the Khoisan, reflecting an extended period 
of admixture, while the northern Malawi and Kalanga are the most dissimilar to 
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the Khoisan (Franklin et al., 2007). Variance among the Bantu-speaking groups 
are likely due to a combination of genetic differences through gene flow and 
environmental adaptations to differing climates (Franklin et al., 2007). The results 
of this study are important, as it demonstrates that geometric morphometric 
methods for ancestry estimating and distinguishing between population groups 
are applicable in South African populations. The variance found among 
indigenous groups also lends confidence to the current classifications of peoples 
into the broad groups of black South Africans and white South Africans. 
Expected variation within the group of black South Africans could be due to these 
intra-population differences rather than exclusively to the grouping of non-
homogenous indigenous people groups. 
There are several software packages available to analyze geometric 
morphometric data. Of these, 3D-ID is the most broadly useful in the estimation 
of ancestry—its comparative database is in some populations small but is 
generally diverse, and it presents data in a way that is reminiscent of more 
traditional ancestry estimation software like FORDISC that is widely familiar to 
anthropologists. 3D-ID employs GPA to transform landmark data into a shape on 
a Cartesian grid outlining the cranium and eliminates confusion from size 
differences between individuals through the construction of a series of indices 
(Slice and Ross, 2009). Discriminant function analysis is performed and ancestry 
classifications are made by incorporating GPA transformation. 
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An individual is classified into a population from the 3D-ID database 
through comparison of the unknown to all reference samples containing the 
same input landmark information. The reference samples are pooled into a mean 
and all data is scaled to remove size variability (Slice and Ross, 2009). 
Mahalanobis squared distances are calculated between the unknown and the 
mean of each population, and the unknown is classified into the population group 
whose mean is the smallest distance away from the data of the unknown 
individual (Slice and Ross, 2009). A posterior probability is also calculated for 
each group in order to evaluate the relative closeness of each group’s mean to 
the unknown—the higher the probability, the more likely the individual is a 
member of the given population rather than the other groups in the database. 
Lastly a typicality (F) calculation is performed in order to illustrate the likelihood of 
a true assignment into a given population (Slice and Ross, 2009). Because the 
comparative database used by 3D-ID includes individuals of unknown sex, the 
results of sex estimates made by the program are brought into question. A 
breakdown of the database is shown in Table 2.1. In light of the misclassification 
of sex in FORDISC 3.0 in the same population, the current study will evaluate 
ancestry estimates in 3D-ID without regard given to corresponding sex estimates. 
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Table 2.1. Composition of the comparative database of 3D-ID (Adapted from 
Slice and Ross, 2009). 
 
Population Female Male Unknown 
African 5 6 16 
African American 123 149 0 
Circumcaribbean 4 22 0 
East Asian 2 9 0 
European 59 71 90 
European American 134 238 0 
Historic African American 1 0 0 
Mesoamerican 8 35 1 
South American 35 44 3 
Unknown 3 18 10 
 
Because geometric morphometric methods are relatively new within the 
field of anthropology, the comparative database of 3D-ID, while having more 
diverse populations, has fewer individuals within these populations than the FDB 
in FORDISC. Perhaps future updates to the 3D-ID software will incorporate the 
inclusion of an increased number of these diverse individuals. Alas, with current 
technology we must be satisfied with using the small African and larger African 
American samples in comparative databases in order to identify unknown 
individuals as belonging to any of the wide variety of African populations, 
including those currently living and dying in South Africa such as the Xhosa, 
Venda, Tswana, and Zulu. Franklin and colleagues (2007) have begun to 
distinguish between the indigenous peoples of South Africa, and hopefully others 
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across Africa will follow this trend. All of these indigenous individuals fall under 
the sociocultural label of ‘black’ due to their dark complexions, and they are 
collectively referred to in the anthropological literature as ‘black South Africans’. 
Similarly, their lighter complexioned counterparts whose ancestors colonized 
South Africa from varying European countries including England and the 
Netherlands are collectively referred to as ‘white South Africans’. In the context of 
the homogenized Sub-Saharan African origins, the American populations of 
African American and European American have similar ancestral origins, making 
it possible to use these populations as a necessary proxy in American-made 
comparative databases used by 3D-ID and FORDISC when they are applied to 
South African populations. 
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CHAPTER 3: METHODS 	  
This study was carried out in two parts—first the author travelled to 
Pretoria, South Africa, to collect geometric morphometric and craniometric data 
on a sample of crania from a documented skeletal collection and that data was 
assessed using various computer programs. Statistical methods were then used 
to test the efficacy of these programs. 
 
Sample 
  385 crania from the Pretoria Bone Collection were analyzed. The 
collection is housed in the Department of Anatomy at the University of Pretoria, 
South Africa, and contains over 1,200 specimens in varying stages of 
completeness. These individuals were either donated or unclaimed bodies given 
to the University of Pretoria for medical research under the Human Tissues Act of 
1983 (L’Abbé et al., 2005). South African black individuals in this collection are 
generally unclaimed bodies of lower socio-economic status, while the 
represented South African whites tend to be donated remains (Steyn et al., 
2010). Each individual is given a unique accession number which is associated in 
a database with the individual’s antemortem information, including age, sex, 
ancestry and population affinity, and date of death. Because the bodies are first 
used by the University as cadavers in medical dissections (L’Abbé et al., 2005), 
the great majority of crania include a separated calotte or calva, though some 
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crania used in this study were uncut. The use of these cut crania is an 
unfortunate yet unavoidable source of error in the study. 
 Crania were assessed for completeness upon the author’s arrival at the 
collection and some individuals were excluded from analysis. Those that were 
not complete, i.e. did not contain either the calotte or the lower cranium, were not 
used in this sample. Other specimens had been extensively damaged and were 
therefore excluded. Antemortem cranial fractures excluding facial fractures are 
frequent in this population. In a similarly sized sample from the same collection, 
Steyn and colleagues (2010) found that cranial fractures occurred in 19.4% of 
black females, 15% of black males, 3.3% of white females, and 8.1% of white 
males. South African white individuals have more frequent evidence of surgical 
repairs, including surgeries affecting the cranial vault, than South African blacks. 
Damage which indicated exclusion from the sample included: any fragmentation 
either antemortem or postmortem resulting in more than one division of the 
cranium; extreme alveolar resorption extending in one or more places to the level 
of the palate; and any antemortem pathology or trauma resulting in disfiguration 
of the face or cranial vault. Finally, any specimens not listed as ‘black’ or ‘white’, 
including “other” and South African “coloured”, were excluded from this sample. 
Some specimens displayed small amounts of alveolar resorption, and these were 
included in the sample where necessary to maintain an adequate sample size. 
Because the average age of individuals in the collection is high, 68.2 years for 
white South Africans and 52.9 years for black South Africans, antemortem tooth 
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loss and resulting alveolar resorption was rampant and many were edentulous as 
they had no teeth remaining at the time of death. An adequate sample for 
analysis could not be taken without the use of edentulous individuals. 
 Once all unusable crania were excluded, a sample was randomly chosen 
from each of four adult categories: black females, black males, white females, 
and white males. Black females are the least represented in the collection 
(L’Abbé et al., 2005) with 86 complete enough for analysis, whereas 100 
individuals each were measured in the categories of black males and white 
females, and 99 white male individuals were assessed. This resulted in a total of 
385 specimens in the sample. 
 
Collection of Data 
 A Microscribe G2 (Immersion, San Jose, CA) belonging to the University 
of Pretoria was used to collect all data used in this study. The accuracy of this 
tool is 0.015 inches, or 0.38 mm (L’Abbé et al., 2013). The computer program 
3Skull (Ousley, 2014) was used to collect raw Cartesian coordinate data on 80 
standard craniometric landmarks and create a database of these three-
dimensional coordinates. 3Skull also converted this raw data to standard linear 
craniometric measurements producing a second database devoted to one-
dimensional measurements. 
 Eighty craniometric landmarks were recorded for each individual with the 
exception of any missing or ambiguous areas. These 80 landmarks, some of 
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which were unilateral and others bilateral, are described in Table 3.1 and 
approximate locations are showing in Figures 3.1 and 3.2. Described previously 
by several authors (Howells, 1973; Martin, 1957; Moore-Jansen et al., 1994; 
Ousley and McKeown, 2001; Slice and Ross, 2009; Spradley, 2014; Weisensee 
and Jantz, 2011), landmarks were generally chosen because of their inclusion in 
3Skull and 3D-ID and their use in calculating the measurements needed for 
analysis by FORDISC 3.1 (Jantz and Ousley, 2005; Slice and Ross, 2009). The 
programs that used each landmark are outlined in Table 3.1 as well, and when a 
point was used for 3D-ID the definition given by the creators of this program was 
preferred in order to ensure proper comparison with individuals in the 3D-ID 
comparative database (Slice and Ross, 2009). Those landmarks unused by 3D-
ID or FORDISC 3.1 were taken in order to form a more complete three-
dimensional image of the skull that could possibly be used in later discriminant 
function analysis. Mandibles were not used because mandibular landmarks are 
not used in 3D-ID and a small amount of comparative data for mandibular 
measurements are available in FORDISC 3.1. 
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Table 3.1. Description of cranial landmarks recorded. 
 
Landmark Number on 
Figures 
Defined By Used by 
3D-ID 
Used by 
FORDISC 
Prosthion 1 Howells, 1973 X X 
Prosthion N/A Martin, 1957   
Subspinale 3 Slice and Ross, 
2009 
X  
Alare 3 (left), 7 (right) Howells, 1973  X 
Most inferior 
nasal border 
5 (left), 6 (right) Weisensee and 
Jantz, 2011 
 X 
Zygoorbitale 8 (left), 11 (right) Slice and Ross, 
2009 
X  
Nasale inferius 9 (left), 10 (right) Weisensee and 
Jantz, 2011 
  
Lower orbital 
border 
12 (left) Slice and Ross, 
2009 
X (left) X (left) 
Upper orbital 
border 
13 (left) Slice and Ross, 
2009 
X (left) X (left) 
Cheek hight 
superior point 
14 (left) Spradley, 2014   
Cheek hight 
inferior point 
15 (left) Spradley, 2014   
Ectoconchion 16 (left), 23 
(right) 
Slice and Ross, 
2009 
X X 
Dacryon 17 (left), 22 
(right) 
Slice and Ross, 
2009 
X X 
Nasale superius 18 (left), 21 
(right) 
Weisensee and 
Jantz, 2011 
  
Nasomaxillary 
suture pinch 
19 (left), 20 
(right) 
Slice and Ross, 
2009 
X  
Zygion 24 (right), 31 
(left) 
Slice and Ross, 
2009 
X X 
Zygotemporale 
inferior 
30 (left) Weisensee and 
Jantz, 2011 
  
Zygotemporale 
superior 
29 (left) Weisensee and 
Jantz, 2011 
  
Zygomaxilare 27 (right), 28 
(left) 
Slice and Ross, 
2009 
X  
Jugale 32 (left), 51 
(right) 
Weisensee and 
Jantz, 2011 
  
Marginal 
process lateral 
33 (left), 50 
(right) 
Ousley and 
McKeown, 2001 
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Frontomalare 
temporale 
34 (left), 49 
(right) 
Slice and Ross, 
2009 
X X 
Frontomalare 
anterior 
35 (left), 48 
(right) 
Slice and Ross, 
2009 
X  
Frontotemporale 36 (left), 47 
(right) 
Moore-Jansen et 
al., 1994 
 X 
Sphenofrontale N/A Spradley, 2014   
Sphenion 38 (left) Weisensee and 
Jantz, 2011 
  
Krotaphion 39 (left) Spradley, 2014   
Maximum frontal 
point 
40 (left), 43 
(right) 
Weisensee and 
Jantz, 2011 
  
Stephanion 41 (left), 42 
(right) 
Weisensee and 
Jantz, 2011 
  
Nasion 52 Slice and Ross, 
2009 
X X 
Glabella 53 Slice and Ross, 
2009 
X X 
Supraglabellare 54 Weisensee and 
Jantz, 2011 
  
Bregma 55 Slice and Ross, 
2009 
X X 
Lambda 56 Slice and Ross, 
2009 
X X 
Asterion 57 (left) Slice and Ross, 
2009 
X  
Eurion 58 (left), 67 
(right) 
Weisensee and 
Jantz, 2011 
 X 
Radiometer 
point 
59 (left) Spradley, 2014   
Porion 60 (left) Weisensee and 
Jantz, 2011 
 X 
Mastoideale 61 (left) Slice and Ross, 
2009 
X X 
Radiculare 62 (left) Weisensee and 
Jantz, 2011 
 X 
Opisthion N/A Slice and Ross, 
2009 
X X 
Basion N/A Slice and Ross, 
2009 
X X 
FOB point N/A Weisensee and 
Jantz, 2011 
 X 
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Hormion N/A Weisensee and 
Jantz, 2011 
  
Alveolon N/A Moore-Jansen et 
al., 1994 
 X 
Staurion N/A Weisensee and 
Jantz, 2011 
  
Ectomolare 76 (left), 78 
(right) 
Slice and Ross, 
2009 
X X 
M1 anterior 
point 
77 (left) Ousley and 
McKeown, 2001 
  
Opisthocranion 108 Weisensee and 
Jantz, 2011 
 X 
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Figure 3.1. Landmarks recorded on the anterior view of the cranium. 
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Figure 3.2. Landmarks recorded on the left lateral view of the cranium. 
 
Landmarks were most often eliminated by the cutting of the cranium that 
produced the calotte or were obscured by the complete obliteration of suture 
lines; the most common of these were sphenion and krotaphion. No less than 75 
landmarks were recorded for any specimen. Where there was unavoidable 
antemortem damage that had not significantly altered the overall shape of the 
cranium, including limited alveolar resorption, landmarks were recorded where 
they lay on the existing bone. When landmarks were not recorded, they were 
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simply skipped in 3Skull and a blank space was recorded in the coordinate and 
measurement databases. 
 Crania that had been separated by a calotte cut were realigned and 
secured using nondestructive tape, which was removed promptly following the 
collection of data. Because some landmarks rely on maximum or minimum 
measurements, these points were instrumentally determined and marked on the 
crania before data was collected. All necessary landmarks were marked after the 
calotte had been secured. To record landmarks, each cranium was placed in the 
same upright position on three stands made of modeling clay, which were formed 
to the shape of the cranium to ensure it did not move during the recording 
procedure. Once a cranium was secure on the clay stands, landmark recording 
could begin. The unique identifying number of that cranium was entered into 
3Skull and data collected was saved under the identification number so that 
information was not confused between specimens. The Microscribe G2, having 
been connected to the computer running 3Skull, was kept in the same level 
position throughout data collection to minimize any additional sources of error. 
3Skull was then used to record landmarks in the order presented by the 
3Skull program and any missing or unrecorded landmarks were skipped. Once 
all landmarks for a cranium had been recorded, the data was saved in 3Skull 
before the cranium was moved. Once all data had been successfully saved, the 
cranium was removed from the stand, any tape was removed, and all marks that 
had been made on the specimen were erased. Data from 3Skull was repeatedly 
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exported in bulk to a Microsoft Excel file to facilitate analysis of the landmark and 
measurement data. 
 Once the landmarks of all crania had been recorded, a small subsample 
was chosen to be assessed for the analysis of intra-observer error. Inter-
observer error was not analyzed here due to the high cost of travel to the 
collection, the inability to transport samples away from the collection, and the 
large amount of time necessary to train new users on the proper techniques of 
landmark collection using 3Skull and the Microscribe G2. Other studies of inter-
observer error in the collection of coordinate landmark data revealed a large 
amount of difference between observers in collecting Type III landmarks (Ross 
and Williams, 2008). Intra-observer error in the form of repeated data collection 
of 20% of the sample was completed several days after the first analysis of the 
same crania. Twenty percent of each subsample (20 black male, white female, 
and white male individuals and 17 black female individuals) was randomly 
chosen and data was collected in the same process previously described. This 
data was then compared to the data collected previously on these same 
individuals in order to calculate any intra-observer error that may exist. 
 
Analysis of Data 
Measurement data was assessed using FORDISC 3.1 (Jantz and Ousley, 
2005) and landmark data was assessed using 3D-ID (Slice and Ross, 2009). The 
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accuracies of both programs were compared to the accuracy results presented 
by L’Abbé and colleagues (2013) in FORDISC 3.0. 
Analysis using FORDISC 3.1 followed the same method used by L’Abbé 
and colleagues (2013) in FORDISC 3.0. Measurements tested in FORDISC 3.1 
were the same as those used by L’Abbé and colleagues (2013) with the 
exception of mastoid breadth (MDB), which was not included in the version of 
FORDISC used in this study. Therefore, 23 standard measurements defined by 
Howells (1973) and Knussman (1988) were used in FORDISC 3.1: bi-auricular 
breadth (AUB), basion-bregma height (BBH), basion-nasion length (BNL), 
basion-prosthion length (BPL), inter-orbital breadth (DKB), bi-orbital breadth 
(EKB), foramen magnum breadth (FOB), foramen magnum length (FOL), frontal 
chord (FRC), maximum cranial length (GOL), maximum alveolar breadth (MAB), 
maximum alveolar length (MAL), mastoid breadth (MDB), mastoid height (MDH), 
nasal breadth (NLB), nasal height (NLH), orbital breadth (OBB), orbital height 
(OBH), occipital chord (OCC), parietal chord (PAC), upper facial breadth (UFBR), 
minimum frontal breadth (WFB), cranial breadth (XCB), and bizygomatic breadth 
(ZYB). In some cases, only 22 of these measurements were used due to the 
inability to measure a data point because of antemortem or postmortem 
breakage. 
FORDISC 3.1 uses discriminant function analysis to compare the input 
measurements to those of the chosen populations in the FDB and assign the 
individual in question to one of these chosen populations. The FDB comparison 
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populations used here were male and female black and white North Americans, 
following L’Abbé and colleagues (2013). Because the broad geographic origins of 
these populations are the most similar in the FDB to black and white South 
Africans, classification of black South Africans into the black North American 
population was treated as correct, and classification of white South Africans into 
the white North American population was seen as correct (L’Abbé et al., 2013). 
Analysis of results follows L’Abbé and colleagues (2013). 
Cranial measurements obtained from 3Skull were entered into FORDISC 
3.1 and separate discriminant function analyses were run for each specimen. 
Data recorded after analysis in FORDISC 3.1 for each individual includes: the 
population classification; posterior probability, or the probability that the individual 
belongs in its classified population out of the four groups; and typicality 
probabilities, or the likelihood of the individual belonging to the classified 
population. The percent of correct classifications was compared to the accuracy 
presented by L’Abbé and colleagues (2013). 
Analysis using 3D-ID was carried out according to the guidelines of the 
program (Slice and Ross, 2009). 3D-ID is a Java-based program that utilizes 
geometric morphometric data to estimate the ancestry of an individual (Slice and 
Ross, 2009). The Cartesian coordinates of cranial landmarks recorded by 3Skull 
were input into the program, which compared these values to a reference 
database containing over 1,000 individuals in order to assign the individual to 
one of the ancestry groups represented in the comparative database (Slice and 
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Ross, 2009). Landmarks assessed by 3D-ID are defined by Slice and Ross 
(2009) and include: left and right asterion, basion, bregma, left and right dacryon, 
left and right ectomalare, left and right ectoconchion, left and right frontomalare 
anterior, left and right frontomalare temporale, glabella, lambda, left and right 
mastoidale, nasion, left upper and lower orbital border, opisthion, prosthion, 
subspinale, left and right nasomaxillary suture pinch, left and right zygion, left 
and right zygomaxillare, and left and right zygoorbitale. As suggested by the 3D-
ID administration, the right orbital height measurements, though recorded initially 
in 3Skull, were left out of analysis in order to be comparable to more reference 
samples in the 3D-ID database (Humphries, 2014). Howell’s definition of 
prosthion (1973) was used for analysis in 3D-ID, as opposed to Martin’s definition 
(1957), though both were recorded by 3Skull. When a landmark could not be 
recorded due to antemortem or postmortem breakage, it was left blank in 3D-ID 
and analysis was conducted without the use of the missing landmark. 
Each individual was analyzed separately in 3D-ID. Because there is no 
option to narrow down the populations to which the unknown can be assigned in 
3D-ID as there is in FORDISC 3.1, all individuals were compared against male 
and female Africans, African Americans, Circumcaribbeans, East Asians, 
Europeans, European Americans, Mesoamericans, and South Americans. In 
accordance with analysis of the same individuals in FORDISC 3.1 and because 
the 3D-ID reference group of African populations was very small (5 females and 
6 males), American populations were again used as a proxy for South African 
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populations. Correct classifications for black South Africans included either 
African or African American, and correct classifications for white South Africans 
were considered to be either European or European American. Data recorded 
after analysis in 3D-ID for each individual includes: the population classification; 
the Mahalanobis squared distance, a multidimensional measure of the distance 
between the given individual and the average representation of the group into 
which it is classified, which is primarily used to make the classification; the 
posterior probability, similar to that used in FORDISC 3.1 to determine the 
likelihood of the individual falling into the classified group over the others in the 
database; and typicality, measuring the general likelihood of an individual 
belonging to its classified group. The percent of correct classifications by 3D-ID 
were compared to the accuracies of FORDISC 3.0 (L’Abbé et al., 2013) and 
FORDISC 3.1 on the same population. 
 
Analysis of Error 
 Intra-observer error was assessed by comparing data collected by the 
author from the same individual on two separate occasions. The measurement 
data calculated by 3Skull from the landmarks first recorded on a cranium were 
compared to those calculated from a second independent landmark recording of 
the same cranium. Intraclass correlation coefficients (ICC) for all cranial 
measurements were calculated using SPSS statistical program version 22.0. 
Single measures ICC examines the variance of data collected by a single 
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observer (Shirley and Montes, 2015). Significant results ensure the observer’s 
reliability in correctly obtaining data from every cranium. All error testing was 
conducted to ensure there was no statistically significant differences between 
iterations of the same crania in order to prove that the methods used in this study 
were sound and conducted in the same manner across all samples. Because all 
ICCs were significant and no statistical differences were found, all samples can 
be compared to each other without any prior correction of the data.  
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CHAPTER 4: RESULTS 	  
As discussed in previous chapters, the 3D-ID results of African American 
and European American were included along with the parent populations as 
correct classifications of black and white South Africans, respectively. In order to 
make the comparison of results from 3D-ID and FORDISC more comparable, the 
3D-ID ancestry groups African and African American will be discussed 
collectively as “black” and the groups European and European American will be 
discussed collectively as “white”. These terms correlate with those used by 
FORDISC 3.1 and by the study by L’Abbe and colleagues (2013) utilizing 
FORDISC 3.0. 
  
FORDISC Classifications 
 When 187 individuals of the South African population were compared 
against black and white individuals in the FDB of FORDISC 3.0, an overall 
accuracy rate of 73% was obtained (L’Abbe et al., 2013). A custom database 
was developed from crania in the Pretoria Bone Collection, and analysis in the 
SADB resulted in an overall accuracy rate of 71% (L’Abbe et al., 2013). When 
broken down into subsections, accuracy rates in the FDB ranged from 48.4% 
(black females) to 85.5% (white males) (L’Abbe et al., 2013). These results can 
be seen in Table 4.1. The same sample compared against the SADB had 
accuracy results ranging from 67.3% (black males) to 74.2% (black females) 
(L’Abbe et al., 2013). These results can be seen in Table 4.2. 
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Table 4.1. Classification of South African individuals in the FDB of 
FORDISC 3.0 (Adapted from L’Abbe et al., 2013). 
 
                                      Into Group  
From Group BF BM WF WM Total Number Percent Correct 
BF 15 13 3 0 31 48.4 
BM 5 47 0 3 55 85.5 
WF 2 1 32 9 44 72.7 
WM 0 4 10 43 57 75.4 
 
Table 4.2. Classification of South African individuals in the SADB (Adapted 
from L’Abbe et al., 2013). 
 
                                      Into Group 
From Group BF BM WF WM Total Number Percent Correct 
BF 23 7 1 0 31 74.2 
BM 14 37 2 2 55 67.3 
WF 2 0 32 10 44 72.7 
WM 2 3 11 41 57 71.9 
 
The current study, with a sample size of 385, obtained an overall accuracy 
rate of 75.6% when compared against individuals in the FDB of FORDISC 3.1, 
which is not statistically different (χ²=0.157) from the accuracy rate of L’Abbe and 
colleagues (2013). When divided into subsections, the accuracy rates of the 
current study ranged from 66.7% (white males) to 81.0% (white females). These 
results can be seen in Table 4.3. The average posterior probability calculated in 
correct assessments was 0.898, the average F typicality was 0.681, the average 
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Chi typicality was 0.414, and the average R typicality was 0.453. For incorrect 
assessments, the average posterior probability calculated was 0.781, the 
average F typicality was 0.704, the average Chi typicality was 0.383, and the 
average R typicality was 0.419. 
Table 4.3. Classification of South African individuals in the FDB of 
FORDISC 3.1. 
 
                           Into Group 
From Group BF BM WF WM Total Number Percent Correct 
BF 69 10 7 0 86 80.2 
BM 24 75 0 1 100 75 
WF 10 1 81 8 100 81 
WM 2 16 15 66 99 66.7 
 
If the influences of sex assessments are excluded from analysis, meaning 
the correct classification of any black South African was deemed to be either 
black female or black male and the correct classification of any white South 
African white female or white male, accuracy rates in the FDB increase to 93.0% 
overall in FORDISC 3.0 (L’Abbe et al., 2013) and 90.4% overall in FORDISC 3.1. 
When black and white groups are examined individually, analysis in FORDISC 
3.0 resulted in 93% accuracy for both ancestries, while analysis in FORDISC 3.1 
resulted in 95.7% correct for black South Africans and 85.4% correct for white 
South Africans (Tables 4.4 and 4.5). When FORDISC 3.1 estimated ancestries 
correctly, the average posterior probability was 0.881, the F typicality was 0.682, 
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the average Chi typicality was 0.404, and the average R typicality was 0.442. In 
incorrect assessments, the average posterior probability was 0.764, the average 
F typicality was 0.701, the average Chi typicality was 0.405, and the average R 
typicality was 0.447. 
Table 4.4. Classification of South African individuals in FORDISC 3.0, 
excluding sex assessments (data from L’Abbe et al., 2013). 
 
                               Into Group 
From Group Black White Total Number Percent Correct 
Black 80 6 86 93 
White 7 94 101 93 
 
Table 4.5. Classification of South African individuals in FORDISC 3.1, 
excluding sex assessments. 
 
                               Into Group 
From Group Black White Total Number Percent Correct 
Black 178 8 186 95.7 
White 29 170 199 85.4 
 
3D-ID Classifications 
	   The classification of individuals into ancestry groups in 3D-ID is less 
straight-forward than classification in FORDISC. While FORDISC allows the user 
to select specific populations in the database to which they wish to compare the 
unknown individual, 3D-ID does not. This means that when analyzing individuals 
in FORDISC, the program was forced to choose between only four groups: black 
females, black males, white females, and white males. The probabilities and 
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typicalities calculated are contingent upon only these four groups. 3D-ID, 
however, compares every unknown individual to every group in its comparative 
database, resulting in probabilities and typicalities that incorporates sixteen 
groups from eight populations: males and females of African, African American, 
Circumcaribbean, East Asian, European, European American, Mesoamerican, 
and South American populations. 
 As discussed previously, African and African American groups were 
combined to form a correct assessment for black South Africans, referred to for 
the remainder of this study as ‘black’. European and European American groups 
were likewise combined to form a correct assessment for white South Africans, 
referred to for the remainder of this study as ‘white’. The comparative groups 
Circumcaribbean, East Asian, Mesoamerican, and South American, the 
populations into which classifications of South Africans would be entirely 
incorrect, are grouped and referred to for the remainder of this study as ‘other’. 
 Overall, classification of South African individuals in 3D-ID had an 
accuracy rate of 63.1%. When divided into subsections, accuracy rates ranged 
from 46.5% (black females) to 69.7% (white males). These results can be seen in 
Table 4.6. When 3D-ID estimated ancestries correctly, the average calculated 
squared Mahalanobis distance was 121.530, the average posterior probability 
was 0.846, and the average typicality was 0.560. In incorrect assessments, the 
average squared Mahalanobis distance was 196.902, the average posterior 
probability was 0.677, and the average typicality was 0.551. 
	  49 
Table 4.6. Classification of South African individuals in 3D-ID. 
 
                                       Into Group 
From 
Group 
BF BM WF WM OF OM Total 
Number 
Percent 
Correct 
BF 40 28 7 5 1 5 86 46.5 
BM 21 63 1 5 1 9 100 63 
WF 2 1 69 24 2 2 100 69 
WM 0 9 17 69 0 4 99 69.7 
 
If the influences of sex assessments are excluded from analysis, meaning the 
correct classification of any black South African was deemed to be either black 
female or black male and the correct classification of any white South African 
white female or white male, overall accuracy rates in 3D-ID increased to 86%. 
When black and white groups are examined individually, analysis in 3D-ID 
resulted in 81.7% of cases classified correctly for black South Africans and 
89.9% classified correctly for white South Africans (Table 4.7). In correct 
assessments, the average squared Mahalanobis distance was 142.024, the 
average posterior probability was 0.780, and the average typicality was 0.557. 
When ancestries were estimated incorrectly, the average calculated squared 
Mahalanobis distance was 158.197, the average posterior probability was 0.649, 
and the average typicality was 0.491. 
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Table 4.7. Classification of South African individuals in 3D-ID, excluding 
sex assessments. 
 
                           Into Group 
From Group Black White Total Number Percent Correct 
Black 152 18 186 81.7 
White 12 179 199 89.9 
 
Because 3D-ID gives the option of classification into parent populations [African 
(A), European (E)] and American populations [African American (AA), European 
American (EA)], a comparison between the accuracy rates of these two groups in 
the South African population was made. Individuals classified into other 
populations were seen as outliers for this portion of the study and are 
subsequently disregarded, resulting in a decreased sample size of 361. Because 
the most common misclassification for each subsection was as the opposite sex 
of the same ancestry, results of both sexes for the same ancestry were combined 
for this part of the analysis in order to examine the effects of ancestry alone on 
classification of each South African sex and ancestry group into parent and 
American groups. Overall accuracy rates for correct classification into parent 
groups was 15.5%, and American groups were 76.7% accurate. The average 
calculated squared Mahalanobis distance for correct parent population 
assessments was 178.097, the average posterior probability was 0.697, and the 
average typicality was 0.564. For incorrect assessments, the average squared 
Mahalanobis distance was 132.501, the average posterior probability was 0.569, 
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and the average posterior probability was 0.311. When broken down into 
subsections, parent group accuracy rates ranged from 2.1% (white males) to 
38.8% (black females), while American group accuracy rates ranged from 46.3% 
(black females) to 92.7% (white females). These results can be seen in Table 
4.8. When individuals were classified into the correct American populations, the 
average squared Mahalanobis distance was 134.678, the average posterior 
probability was 0.821, and the average typicality was 0.556. In incorrect 
classifications, the average squared Mahalanobis distance was 113.585, the 
average posterior probability was 0.708, and the average typicality was 0.500. 
Table 4.8. Classification of South African individuals into parent and 
American groups in 3D-ID, excluding sex assessments. 
 
                            Into Group 
From 
Group 
A AA E EA Total 
Number 
Percent 
Correct in 
Parent 
Groups 
Percent 
Correct in 
American 
Groups 
BF 31 37 7 5 80 38.8 46.3 
BM 19 66 3 2 90 21.1 73.3 
WF 0 3 4 89 96 4.2 92.7 
WM 0 8 2 85 95 2.1 89.5 
 
Intra-observer Error 
 Intra-observer error was tested through comparisons of two independent 
sets of data collected from the same cranium at two different times by the same 
observer. The resulting cranial measurements calculated by 3Skull were 
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compared to each other through calculations of the ICC to ensure absolute 
agreement at the 95% confidence interval. The calculated coefficients for each 
cranial measurement recorded are listed in Table 4.9. Any coefficient above 
0.700 is considered an acceptable amount of agreement, so the results seen 
here display very high agreement overall. 
Table 4.9. Intraclass correlation coefficients between iterations of the same 
crania for each cranial measurement calculated by 3Skull. 
 
Cranial 
Measurement 
ICC 
GOL 0.996 
NOL 0.996 
BNL 0.995 
BBH 0.998 
XCB 0.990 
XFB 0.981 
WFB 0.996 
ZYB 0.998 
AUB 0.998 
ASB 0.983 
BPL 0.997 
NPH 0.975 
NLH 0.979 
JUB 0.985 
	  53 
NLB 0.972 
MAB 0.991 
MAL 0.986 
MDH 0.977 
OBH 0.974 
OBB 0.960 
DKB 0.968 
WNB 0.986 
ZMB 0.972 
SSS 0.911 
FMB 0.990 
NAS 0.982 
EKB 0.994 
DKS 0.958 
IML 0.947 
XML 0.981 
WMH 0.976 
GLS 0.908 
STB 0.964 
FRC 0.986 
PAC 0.987 
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OCC 0.992 
FOL 0.990 
FOB 0.934 
NAR 0.988 
SSR 0.994 
PRR 0.997 
DKR 0.977 
ZOR 0.982 
FMR 0.977 
EKR 0.981 
ZMR 0.936 
AVR 0.988 
BRR 0.988 
LAR 0.994 
OSR 0.979 
BAR 0.977 
MOW 0.977 
UFBR 0.995 
UFHT 0.990 
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CHAPTER 5: DISCUSSION 
 
 The agreement of the results presented here in FORDISC 3.1 with those 
of L’Abbé and colleagues (2013) in FORDISC 3.0 proves that the sample used in 
this study is not statistically different from that used by L’Abbé and colleagues 
and the results of FORDISC 3.1 and FORDISC 3.0 do not differ significantly. This 
is beneficial in that both versions of the program can, for the remainder of this 
study, be collectively referred to as ‘FORDISC’, and similarity between the two 
ensures agreement between the two different methods of data collection: 
traditional calipers and digitizing cranial landmarks with a Microscribe. However, 
it shows that FORDISC classifications are not significantly improving between 
version updates. Logic would dictate that updates should equate to 
improvements or additions to the comparative database, none of which assisted 
in overall ancestry estimation in South Africa. 
However, correct classifications of black females increased by a large 
amount between updates, with the FORDISC 3.1 results (80.2%) being even 
higher than those obtained from comparison in the SADB (74.2%). This could 
have resulted from any number of factors, not least of which is the increased 
sample size of this group from 31 in L’Abbe and colleagues (2013) to 86 in the 
current study. Accuracy rates for white females also increased, though less 
dramatically, from 72.7% in both databases in the study by L’Abbe and 
colleagues (2013) to 81% in FORDISC 3.1. This could again be attributed to an 
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increase in sample size contributing to more variation in the sample of South 
African females, which decreased the effects of sexual dimorphism in 
classifications of individuals in the current study.  
 South Africans were found to be less sexually dimorphic than North 
American populations and this difference is blamed for misclassifications of 
South Africans in the FDB (L’Abbe et al., 2013). This can be seen in the 
FORDISC results, as black South Africans are more commonly placed into 
groups of the opposite sex rather than into white groups, but white individuals in 
the current study were slightly more commonly placed into groups of the same 
sex but opposing ancestry. This is reiterated when sex estimates are disregarded 
in FORDISC 3.1, as estimates of black ancestry are approximately 10% more 
accurate than those of white ancestry. Though small, this difference is curious. It 
could suggest that white South Africans are more sexually dimorphic than black 
South Africans, but this tendency is not significant enough to be able to 
accurately judge any such difference. Analysis of white males in FORDISC 3.1 is 
the only case in the current study where white individuals were correctly 
classified less often than black individuals when sex was considered. The 
otherwise overwhelming evidence of lower accuracy rates for black populations 
in both FORDISC and 3D-ID suggests a bias towards white South Africans being 
more readily identified by these programs. 
 Of the FORDISC statistical analyses examined, the average posterior 
probability of correct classifications is high and is indeed higher than that of 
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incorrect estimates. However, the typicalities are all fairly similar between both 
correct and incorrect assessments, indicating the data does not fit well into any 
comparative population and reflecting the use of distinctly different American 
populations as a proxy. These averages are very similar to the values obtained 
when sex estimation is disregarded from the study. However, when sexes are 
grouped for each ancestry accuracy rates increase quite a bit for all FORDISC 
assessments, effectively showing that misclassifications according to sex are the 
most negative influence on correct FORDISC classifications. These results also 
imply that FORDISC is generally better at estimating ancestry than it is at 
estimating sex of an unknown cranium. 
 It is widely acknowledged that FORDISC should not be the final judgment 
in ancestry estimation and that additional analysis such as non-metric 
morphological assessment should be included in the estimate of ancestry for an 
unknown individual (Jantz and Ousley, 2012). 3D-ID could be very useful in this 
context when assessing individuals of South African descent, as there is a 
possibility that geometric morphometric methods could classify a cranium 
correctly when traditional craniometrics results in an incorrect ancestry estimate. 
However, 3D-ID had a lower overall accuracy rate and unanimously lower 
subsection accuracy rates than FORDISC. The average squared Mahalanobis 
distance of incorrect classifications was higher than those of correct 
classifications, and the corresponding posterior probabilities decreased in 
incorrect groupings, as would be expected. The typicalities also decreased but 
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only slightly, which could indicate that the true populations of the unknowns were 
not included in the comparative database, likely due to the necessary use of 
proxy populations in the current study. However, the statistics are not low enough 
for classifications to be considered incorrect based on these calculations alone.  
The low accuracy of 3D-ID when compared to FORDISC is likely due in 
some degree to the inability to narrow down comparative populations in 3D-ID. In 
FORDISC, individuals were only compared against black and white populations, 
whereas unknowns in 3D-ID must be compared against all groups in the 
database. The resulting statistical calculations of 3D-ID are therefore much 
broader than those of FORDISC. Only 6.2% of the sample was classified as an 
ancestry other than black or white, but these individuals show that accuracy rates 
of 3D-ID would undoubtedly increase if the option was given to choose 
comparative groups based on additional contextual knowledge or the use of 
additional alternative ancestry estimation methods. In fact, a recent update of 3D-
ID was released in November 2014 after the results of this study were calculated 
that includes an ‘Options’ tab where the user can select ancestry and sex groups 
they would prefer the input data to be compared against. Future research into 
agreement between subsequent versions of 3D-ID and the use of a narrowed 
comparative database would be exceedingly interesting. 
 3D-ID results did not display the same ancestral difference in sexual 
dimorphism that was shown in FORDISC. Incorrectly classified individuals of 
both ancestries were primarily grouped into the opposite sex of the correct 
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ancestry and very few individuals were classified incorrectly for both sex and 
ancestry. When sex estimates are disregarded, individuals classified into black 
and white groups show marked increase in accuracy rates that are more 
comparable to the results of analysis in FORDISC. All calculated statistics reflect 
the expected differences between correct and incorrect classifications, though 
there is minimal difference between the two sets of calculations, probably due 
again to the use of proxy populations. The reasons for these incorrect sex 
estimates are likely twofold. As discussed by L’Abbe and colleagues (2013), 
South African populations are less sexually dimorphic than American populations 
that make up the majority of the comparative database in 3D-ID. Though parent 
populations were included in correct assessments, they likely did not contribute 
to many correct classifications, as discussed later in this chapter. This disparity 
between the South Africans and the proxy populations used again highlights the 
need for inclusion of more population groups in the comparative databases used 
by ancestry estimation programs, but the high amount of misclassifications of sex 
occurring in 3D-ID could result from the program itself. 
 In reviewing the composition of the comparative database used by 3D-ID 
that was discussed previously, we develop a quandary. The database includes 
many individuals of unknown sex, some individuals of unknown ancestry, and a 
few completely unknown individuals. How these unknowns are incorporated into 
the database is not explained, but their presence must have some effect on the 
sex and ancestry estimations made by 3D-ID. A result of unknown sex or 
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ancestry is not possible in this program, so the inclusion of these individuals is 
highly confusing. If these individuals are used in comparisons, it is not depicted in 
the results and would likely contribute to misclassifications, especially in the case 
of individuals of unknown sex contributing to the estimation of sex in input data. 
This is of high concern in the South African population, as it is previously known 
that the degree of sexual dimorphism differs between South Africans and the 
proxy populations used in analysis. Selecting for the use of only female or male 
comparisons was not an option for this study, but is included in the November 
2014 update. This is another area where the prospects for future research are 
ripe. If they are not used in comparisons, the true database is much smaller than 
anticipated and much less representative of the range of variation that may occur 
within groups. The disuse of unknown individuals in the comparative database is 
the safest course of action, though it would eliminate the need for their inclusion 
in the database altogether. In order to include as much variation as possible 
within the sex and ancestry groups in the database, only individuals with 
provenience and definitive knowledge of both sex and ancestry should be 
incorporated.  
 The discrepancy between population groups included in the FORDISC 
database and in 3D-ID led us to the grouping of the 3D-ID population groups 
African and African American and the groups European and European American 
to form black and white populations, respectively, that are comparable to those of 
FORDISC. But when these groups are examined independently, the contribution 
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of parent and American populations to accurate classifications of South Africans 
can be deduced. Due to the previously discussed complications of sex 
estimations, both sexes were grouped so that the effects of ancestry alone could 
be observed. Because the accuracy rates in American populations are 
unanimously higher and in most cases much higher than those of the parent 
groups, we can see that it behooves us to include American groups as correct 
assessments in the South African population. Inclusion of South African Black 
and White groups in the 3D-ID database would undoubtedly result in much 
higher specific classification accuracy rates for these populations. 
However, when working with the currently available groups, the disparity 
between parent and American populations could be explained by a variety of 
factors. While all modern populations have undergone genetic evolution in the 
years since European colonization, the American and South African populations 
may have changed at a more similar rate than the European and African groups. 
Alternatively, the homogenization of the large areas of Europe and Africa may 
have negatively affected classifications into these groups, as they could include 
individuals of several population groups from different countries and regions. 
There are many more possible explanations, but the most likely reason for low 
accuracy rates of classification into parent populations is the exceedingly small 
number of individuals of European and African ancestry in the comparative 
database of 3D-ID. Disregarding those of unknown sex, the African population is 
represented by 11 individuals in the database and the European groups include 
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130 individuals. When compared to the 272 African Americans and 372 
European Americans in the database, the parent populations are shockingly 
underrepresented. The lack of variation reflected in such small comparative 
populations is the most probable reason that parent populations were correctly 
chosen in only 15.5% of cases overall. Alternatively, the accuracy of 
classifications into the well-represented American groups was high, as would be 
expected in the comparison of populations with broadly similar origins. The 
calculated probabilities correlate as expected when comparing correct and 
incorrect estimates. The highest accuracy rates using 3D-ID were found when 
parent and American populations were combined to produce an estimate of 
ancestry for South African individuals and estimation of sex was disregarded. 
The results of this study suggest that FORDISC be used as a viable 
ancestry estimate in South Africa, along with other methods that can be used to 
double check the estimates made by the program and ensure correct 
assessment. The overall accuracy rate of the FDB in FORDISC 3.1 in the South 
African population (75.6%) just barely meets the universally accepted standard of 
75% for use in a forensic context, emphasizing the need for inclusion of more 
populations in the comparative database. 
As we have seen, the application of 3D-ID in an international setting has 
performed relatively well and the program is cautiously suggested for use in 
populations similar to those represented in its comparative database, including 
South Africans. However, it is not recommended that 3D-ID be used as the only 
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method of ancestry estimation, as the overall accuracy rate (63.1%) falls below 
75%. If the sex of the unknown individual is already known through other 
methods, the sex estimate made by 3D-ID can be ignored, which causes 
accuracy rates of ancestry estimation only (86.0%) to increase to the level 
suggested for widespread use. Caution is advised, as the data collection 
methods of geometric morphometrics take a considerable amount of time to learn 
and fully understand, so the use of 3D-ID by novices is not recommended (Ross 
and Williams, 2008). Accuracy rates of 3D-ID in classifying the South African 
population suffer because of the forced use of proxy populations. If a South 
African database could be created such as the SADB that L’Abbe and colleagues 
(2013) created in FORDISC, it would be expected that accuracy rates would 
increase as they did in the application of a custom database in FORDISC. 
The accurate classification of South Africans into ancestry groups of black 
and white will greatly assist researchers in the area in identifying unknown 
remains. There is an influx of skeletal remains to be studied in South Africa, 
resulting from the high crime rates and occurrence of widespread disease due to 
poor health conditions (L’Abbe et al., 2013). Analysis in 3D-ID, coupled with the 
use of FORDISC, could be useful to South African anthropologists in responding 
to the medicolegal need for a way to distinguish between black and white 
individuals in the unique South African population. 
The need for population specific anthropological methods in South Africa 
is reflective of a broader disregard for international populations by American 
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scientists. It is widely understood that the methods commonly used for white 
Americans (the population anthropologists have studied the most) to estimate all 
aspects of the biological profile from skeletal remains are not as accurate when 
applied to other populations (Hoppa, 2000; Jantz and Ousley, 2012). This 
explains the need for methods that are specifically accurate in South Africa, and 
shows that population specific methods will be necessary wherever skeletal 
remains are assessed across the globe. As forensic scientists are increasingly 
called to gather evidence in the cases of human rights investigations worldwide, 
we can see that this will increase the amount of populations that will require 
specific methods for the development of the biological profile. In many of these 
cases, some aspect of the profile are known, such as the ancestry of victims of 
the Guatemalan Civil War. In others, being able to distinguish between victims 
from one country or another by estimation of ancestry could be helpful, such as 
in the cases of neighboring countries and population groups fighting in Africa. 
Many of these conflicts have forced people out of their ancestral homelands and 
created large amounts of refugees that are relocated to more peaceful areas in 
other countries. 
The widespread civil unrest of Sub-Saharan Africa in the recent past is 
likely to produce the need for anthropologists in identifying victims of war in the 
near future, and we should be prepared to be able to glean as much information 
as we can from these remains. However, the estimation of ancestry in this case 
would be hindered by the treatment of Sub-Saharan Africans as homogenous. 
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No widely used ancestry estimation methods currently classify non-American 
African individuals into regional or tribal affiliation. Franklin and colleagues (2005; 
2007; 2008) are developing these types of methods in South Africa and are 
greatly respected by the author for their pioneering efforts in the field. Efforts 
such as these are needed across Africa, as Sub-Saharan African populations 
have more genetic diversity than those from any other part of the world and their 
skeletal remains will likely reflect this diversity (Mielke et al., 2011). The ability to 
distinguish between population groups originating in a specific region would 
assist in the estimation of ancestry in Sub-Saharan Africa. The ability to more 
specifically be able to estimate individual tribe affiliation according to the genetic 
and geographic distinctions between cultural groups would be even more useful 
in a forensic context. If more African individuals with known tribal affiliations were 
included in the development of ancestry estimation methods, such as the 
comparative databases of 3D-ID and FORDISC, scientists may eventually be 
able to associate tribal affiliation and ancestry estimation to conclude whether an 
unknown African individual belongs to, for example, a South African or West 
African group, or to the Zulu or Luo group. Further research is required in order 
to determine if more specific ancestry estimations in Sub-Saharan Africa are 
possible.  
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CHAPTER 6: CONCLUSION 	  
A short history of the use of traditional craniometrics and geometric 
morphometrics in estimating ancestry has been discussed, as has a brief look 
into how the colonial history of South Africa has affected ancestry in the region 
today. The ancestral history of South Africa relates to the current study in two 
ways. First, the accepted intermixing of pre-colonial native groups provides 
support to the modern-day grouping of the surviving tribes into the sociocultural 
label of ‘black South African’ when assessing biological variation. Secondly, the 
forced segregation of white and black peoples during Apartheid supports a strong 
ancestral distinction between the two that should be reflected in discriminant 
function analysis of South African crania when estimating ancestry. Accurate 
methods for the development of a biological profile and specifically the estimation 
of ancestry from skeletal remains are necessary in South Africa due to the large 
amount of unidentified skeletonized persons in the area.  
 When the results of the current study in estimating ancestry using 
FORDISC 3.1 are compared to those of L’Abbe and colleagues (2013) using 
FORDISC 3.0, no significant difference is found. All assessments performed 
relatively well, even with the use of previously cut crania, though accuracy rates 
would likely be higher using complete crania. 3D-ID on the whole was found to 
be less accurate than FORDISC. This result is surprising and forces the rejection 
of the hypothesis of this study, as it was expected that 3D-ID would estimate 
ancestry more accurately due to its use of geometric morphometric shape 
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variation between populations. Accuracy increases for both programs when sex 
estimates are disregarded. The use of American populations as proxies for South 
Africans produced higher accuracy rates in 3D-ID than the use of parent 
populations, but the combination of the two to form a correct estimate of ‘black’ or 
‘white’ performed the best, which was expected because of the low 
representation of individuals in the parent populations of 3D-ID. 
The current study has explored the effectiveness of ancestry estimation 
software using discriminant function analysis in distinguishing between black and 
white South Africans and found that both FORDISC and 3D-ID perform well. 
Because neither program is able to specifically estimate South African ancestry, 
American and parent populations were used as proxies. A discrepancy in the 
amount of sexual dimorphism between South Africans and the proxy populations 
was noted, in support of the conclusions of L’Abbe and colleagues (2013). The 
inclusion of more diverse population groups in the comparative databases of both 
programs is suggested. The importance of being able to select appropriate 
comparative samples has been stressed, as population specificity is required in 
all anthropological contexts to ensure adequate results when employing 
statistical programs to develop a biological profile. 
More studies are needed using undamaged South African crania to 
ensure the results of the current study using 3D-ID are accurate and 
reproducible. Comparisons between the results of the current study and the 
assessment of the South African population in the newly updated version of 3D-
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ID would also be interesting in order to determine if the update increased the 
accuracy of ancestry estimation. The inclusion of South African populations in the 
comparative databases of 3D-ID and FORDISC would greatly increase accuracy 
rates, as L’Abbe and colleagues (2013) found when a custom database was 
developed in FORDISC 3.0. It is hoped that future studies will be able to 
distinguish more specifically between population groups in South Africa and in 
Africa as a whole, as the continent has been previously homogenized in 
anthropological literature against the best interest of understanding biological 
diversity in this area. 
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